Origins of the specificity of inhibitor P218 toward wild-type and mutant PfDHFR: a molecular dynamics analysis.
Molecular dynamics simulations were performed to evaluate the origin of the antimalarial effect of the lead compound P218. The simulations of the ligand in the cavities of wild-type, mutant Plasmodium falciparum Dihydrofolate Reductase (PfDHFR) and the human DHFR revealed the differences in the atomic-level interactions and also provided explanation for the specificity of this ligand toward PfDHFR. The binding free energy estimation using Molecular Mechanics Poisson-Boltzmann Surface Area method revealed that P218 has higher binding affinity (~ -30 to -35 kcal/mol) toward PfDHFR (both in wild-type and mutant forms) than human DHFR (~ -22 kcal/mol), corroborating the experimental observations. Intermolecular hydrogen bonding analysis of the trajectories showed that P218 formed two stable hydrogen bonds with human DHFR (Ile7 and Glu30), wild-type and double-mutant PfDHFR's (Asp54 and Arg122), while it formed three stable hydrogen bonds with quadruple-mutant PfDHFR (Asp54, Arg59, and Arg122). Additionally, P218 binding in PfDHFR is stabilized by hydrogen bonds with residues Ile14 and Ile164. It was found that mutant residues do not reduce the binding affinity of P218 to PfDHFR, in contrast, Cys59Arg mutation strongly favors inhibitor binding to quadruple-mutant PfDHFR. The atomistic-level details explored in this work will be highly useful for the design of non-resistant novel PfDHFR inhibitors as antimalarial agents.